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Itoh, K. 
A prospect of plasma physics at 
the tum of next century is discussed on 
occasion of The 11th International Toki 
Conference. The theme of this 
conference identifies the future direction 
of the research related with plasmas. 
Main issue is the potential and structure 
formation in plasmas; More specifically, 
structures which are realized through the 
interaction of electromagnetic fields, in 
particular that with electric fields, i~ non-
equilibrium state. The plasma physics 
will give an important contribution to the 
solution of the historical enigma, i.e., all 
things flow. Having an impact on 
human recognition of nature and 
showing a beauty in a law, the plasma 
physics/science will demonstrate to be a 
leading science in the 21st century. 
It has now become clear that only 
very limited part of our universe is 
in/near thermodynamical equilibrium. 
Almost all in the universe, of which we 
have empirical knowledge, is far-away 
from the thermodynamical equilibrium. 
They are accompanied by full of 
dynamics that generates structure, al!d 
are in the plasma state. One central Issue 
of the physics in the next century is to 
investigate the law that governs the 
plasmas in nonequilibrium state. 
The theme of this conference 
clearly identifies the future direction of 
the research related with plasmas. Main 
issue is the potential and structure 
formation in plasmas. Structures are 
realized through the interaction with 
electromagnetic fields in non-equilibrium 
state. This is schematically shown in 
Fig.2. In this figure, the 'microscopic 
structure' means the scale length of 
interaction between particles or elements. 
(Organized system size could be much 
larger than the characteristic scale length 
of binary interactions.) The 
'macroscopic' implies that the scale 
length of concern (e.g., inhomogeneity) 
is much longer than that of the binary 
interactions. Combination of the 
magnitude of the coupling (often 
represented by the plasma parameter 
r = Iln'Ab) and the distance away from 
the thermodynamical equilibrium 
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provides the variety in the spatial 
structure and temporal evolution of 
plasmas. 
In the following, a prospect is 
discussed, choosing keywords of 
Structure and turbulence 
Statistical physics 
Irreversibility, chaos and control 
Symmetry 
Momentum transport 
Improved confinement 
Synergy of research methods 
Finally, closing is made discussing 
Exploring plasma physics. 
Readers might stress other 
important issues in the plasma physics in 
the 21st century. For instance, the 
energy release induced by the change of 
topology, the abrupt change of topology, 
the acceleration of selective particles, the 
nonequilibrium atomic and nuclear 
physics in the plasma state, the 
gravitational interactions, the gluon 
plasmas, the matter-antimatter plasmas, 
etc., are the challenging subjects for the 
human recognition of the nature. Thes~ 
important issues are not addressed: This 
prospect is discussed along the I_Tiain 
subject of this International Toki 
Conference. 
After discussing the future 
direction of research, one comes back to 
a question Why we should b~ proud of 
plasma physics? The reason IS that the 
plasma physics is a high-quality and 
challenging area of science. Someone 
might judge the quality of scientific 
research by wide applicability, 
influences on daily life and industry, and 
so on. In addition, it might be worth 
stressing the following aspects in the 
judgement: . . 
1. Impact on human recognition of 
nature 
2. Answer to long-lasting 
fundamental problem 
3. Beauty in a law . 
A long-lasting fundamental proble~ IS: 
The law of all things flow has remained 
during the two millennia, and the_ pla~ma 
physics will give i~por:tant ~ontn~utlon 
to the solution of this histoncal enigma. 
Plasma physics/science satisfies these 
three criteria , and will be recognized as 
one high-quality science. 
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